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358 Mr. t~. Mallet on t]te Rate o/ 

cells with sulphate-of-copper solutions~ the quantity po--P for 
Po 

the one-per-cent, solution at 20 ° C,  we find this quantity 
equal to 0"00082, while M. Wiillner* has found the same 
quantity~ 

For cane-sugar . . . . . . . . . .  0"00070, 
For nitrate of potass . . . .  0"00229, 
For sulphate of soda... =0"00236. 

From the chemical properties of sulphate of copper it is pro- 
bable that, in this respect, it takes its place between cane-sugar 
and the alkali-salts t. Experiments are in preparation in the 
laboratory here for the purpose of obtaining more accurate 
determinations. Meanwhile this calculation shows already at 
least so much~ that the consideration instituted gives a theoretic 
wtlue oC the electromotive force which is of the same order of 
magnitude as the observed. 

Since,moreover, factors obtained from the most various kinds 
of physical investigations, and one of which amounts to above 
a hundred millions, must be eliminated from both sides of the 
equation~ this preliminary result is still of some importance. 

XLIX. Rate of Eart]lquake-wave Transit. 
By R. MA=LET, F.R.S.~ 

I PRESUME that I have been indebted to the politeness 
of General Abbot, U.S. Engineers, for a copy of a paper 

by that officer, published in the ~American Journal of Science' 
for March 1878. In this paper the writer recurs to his ac- 
count of the experiments made at Hallet's Point on the occa- 
sion of the great explosion there, on the rate of seismic-wave 
transmission as described in General Abbot's paper read before 
the American National Academy of Sciences, October 18~ 
1876, and also published as one of the papers of the Essayons 
Club of the Corps of U.S. Engineers. Upon the results there 
recorded I deemed it necessary to publish some remarks in the 
Philosophical Magazine for October 1877~ in which I pointed 
out their anomalous character and their entire discordance 
with each other. I f  I rightly gather General Abbot's meaning 
from his last paper above alluded to, he considers that the 

* Pbggendorff's Annalen, vol. ciii. p. 556. 
t SupplementmT ~ote (Jan. 1878).--Dr. J. Moser has since effected 

determinations of the quantity in question, employing water and dilute 
solutions instead of mercltry. He obtained 0"00086 as the mean value 
from three experiments. 

:L Communicated by the Author. 
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Earthquake-wave Transit. 359 

enormous discrepancies between the results of observations 
made at different points along the range from t:[allet's Point 
are reconcilable by taking into account the difference in mag- 
nifying-power of the different seismoscopes there employed. 
It seems to me, however~ that this proposed explanation~ if 
critically examined~ wouhl be found wholly insufficient to 
account for the enormous discrepancies between the observa- 
tions made at the several stations, still less to reconcile the 
transit-velocities recorded with the well-established and inter. 
dependent physical conditions of the transit of sound~ or ana- 
logous elastic waves, in liquids and solids. 

Few physical data have been better established experimen- 
tally than the rate of transit of sound in water (approximately 
about 4700 feet per second)~ as determined by Colladon and 
Sturm in the Lake of Geneva, and confirmed by Wertheim by 
a different method. Yet the transit-velocity in discontinnot{s 
water-logged shingle is given by observation No. 5 at 5309 
feet per second; and it is suggested that the rate is increased 
by the presence of the water. How these conditions are re- 
concilable with each other~ or with the well-known physical 
conditions by which the circumstances of transmission of 
sound are interdependent and linked together, I am unabIe to 
imagine. The proposed smoothing-down of the discrepancies 
by referring them to the differences in magnifying-power of 
tl~e seismoscopes employed is insufficient to account for dis- 
crepancies so enormous ; and the proposed explanation seems 
to me only to amount to this that if different observers note 
the instant of arriwd as indicated by different parts of the same 
seismoscopie wave, they will necessarily obtain discordant 
results, and such as~ in my judgment, no ingenuity of discus- 
sion of the observations recorded can reduce to the position of 
reliable scientific data. 

It is with surprise and disappointment that I find General 
Abbot has not acquainted himself with the magnifying-power 
of the seismoscope constructed by me and employed in all 
my experiments; and so little does he seem to have ac- 
quainted himself with the scientific literatnre of the subject 
before he himself commenced to work upon it at I-Iallet's 
Point, that I am compelled to suppose my published de- 
scription of that instrument, and all my earlier researehes~ 
which were not communicated to the Royal Society, but were 
published by the British Association for the Advancement of 
Science, remain even now unknown to him. My seismoseope, 
which is that which I have employed in all my subsequent 
researches~ General Abbot will find described by referring to 
my "Second Report on the Facts of Earthquake Phenomenal" 
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360 Mr. R. Mallet on the Rate of 

printed in the British-Association Reports for 1851, and ac- 
companied by an engraving (plate 13) of the instrument. 
The circumstances are the more extraordinary, because my seis- 
moscope and its magnifying-power are also actually described 
in the account of my experiments made in the rocks of Holy- 
head, printed in the ' Philosophical Transactions' for 1861,with 
which General Abbot seems to have been acquainted. He 
wi}l there find also, at page 279, that the magnifying-power 
of my instrument is 22"78, or nearly 23 times ; and this de- 
gree of magnifying-power I have found sufficient under all 
circumstances. I may notice, however, that in some experi- 
ments made a few years since by me, at the desire of Sir G. 
B. Airy, Astronomer Royal, of Greenwich, in concert with the 
then chief assistant of that observatory, Mr. E. J. Stone, now 
Astronomer at the Cape of Good Hope, and with Mr. Car- 
penter, one of the Greenwich computers, a seismoscope iden- 
tical in principle with my own, but of much greater magnifying- 
power, was employed, the power being capable of modification 
b changing eyepieces Any determination of wave-transit 

Y . • . " • . • 

velocltms was beside our object; but tMs was remarked &- 
stinctly, that changing the magnifying-power of the in- 
strument produced no noticeable change in transit-velocity as 
indicated by it; nor was any such, I believe, noticed by the 
late Sir James South in his experiments, made many years 
ago, to determine the extreme radius of the area caused to 
vibrate by railway trains passing through Kilsby tunnel. In 
all these instances, however (except possibly that of Sir James 
South, as to which I possess no details), the seismoscope was 
used in the only way by which it can afford trustworthy and 
comparable results as to the instant of transit of the seismic 
wave as seen in the instl~ament, namely by bringing the hori- 
zontal wires of the illuminating achromatic object-glass parallel 
and near to the horizontal wire of the observing-telescope, and 
always noting and adopting as the instant of wave-transit the 
instant at which the image of both these wires became rapidly 
blurred or confused and suddenly invisible. This method, 
which does not seem to have been adopted in any of the ttal- 
let's-Point observations, is greatly to be preferred over any 
supposed observation of the earliest access to view of the front 
slope of the advancing wave, which, in reference to time, must 
always be a matter of great uncertainty. As to the duration 
of the vibratory disturbance in the field of view of the instru- 
ment, to which importance seems to have been attached in the 
Hailer's-Point experiments, it is quite delusive as affording 
any precise or useful information as to the dimensions or time 
occupied in the transit of the earth-wave or wave of shock 
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Earthquake-wave Transit. 361 

i tself- the duration of sensible disturbance as seen in the in- 
strument being much dependent upon the dimensions, form, 
material, and other details of construction of the mercury- 
trough and other parts of the instrmnent. All the observa- 
tions of velocity of wave-transit referred to by General Abbot 
were made in completely discontinuous material, or in rock 
more or less water-logged, and with the directions of stratifi- 
cation, lamination, and fissuring imperfectly known and not 
recorded. 

If  General Abbot will refer to my experiments at Holy- 
hem (Phil. Trans. 1861 & 1862), he will find the enormous 
retardation of transit-velocity produced by fissuring and dis- 
continuity, amounting in some instances to an extinction of s z 
of the velocity in the material of the rock if perfectly unfls- 
sured. The velocity of wave-transit, therefore, in absolutely 
discontinuous shingle can be but a small fraction of that which 
the material of the shingle itself could transmit. General 
Abbot may satisfy himself of this by experiment upon this 
shingle by methods altogether independent of the use of the 
seismoscope~ The velocity recorded in observation No. 5 - -  
5309 feet per second (Amer. Journ. p. 179), cannot, as it 
seems to me, have been derived from the discontinuous shingle, 
and seems more likely to be an over-ratedvelocity of the wave 
derived from the water itself. Yet the velocities supposed to 
be obtained approach, in most instances, those given as the 
results recorded by the greatest experimental physicists for 
the velocities of sound in media as uniform, dense, and elastic 
as are many metals. If  General Abbot will consult the works 
of Wertheim, of Blot, not to name other renowned physicists, 
and will compare the sound-velocities in solids as given by 
them with those recorded in relation to the Hallet's-Point 
experiments, I think he will see grave reason for doubt, at 
least, as to the validity of the latter. To me, indeed, it seems 
that, if they are to be accepted without further and radical 
modification or explanation, we must east aside nearly all that 
has been accepted and is still held true as to the doctrine of 
sound by all men of science since the time of Newton ; we 
must also east aside the deductions, as to the rate of transit of 
earthquake-shock, derived from observation by Professors 
Sehmidt and N6ggerath in earthquakes extending over large 
areas in Hungary and in Rhenish Germany, as well as those 
by myself of the great Neapolitan shock of 1857. Omitting 
the last, as the time-measures were not free from doubt in 
some instances, those of Schmidt and NSggerath may be relied 
upon as made with much care and exactitude. All these 
results square as nearly as was to be expected with those of 
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362 Prof. P. E. Chase on the ~ebular HZ/pothesis. 

my own experimentally obtained velocities in various rocks 
long previously obtained, but appear to me wholly irrecon- 
cilable with those assumed as resulting from the Hailer's- 
Point observations. Is this probable ? or is it not much more 
likely that some grave and still undiscovered sources of fallacy 
and error exist in these experiments, on which I have felt it 
incumbent on me thus to animadvert? 

Physical infirmity has prevented my examining the subject 
with that fillness I could have desired ; loss of sight has com- 
pelled me to confine myself to placing before General Abbot, 
and scientific men in general~ some of the difficulties which 
his Hailer's-Point experiments present to me and, I must 
suppose, to all competent physicists. 

L. On the Nebular Hypothesls.--V[IL Criteria. By PLI~TY 
EARLE C11ASE, LL.D., S.P.A.S., -professor of _Philosolohy 
in Haverford College. 

[Continued from p. 297.] 

T HE views of astronomers, respecting the mode of action 
in world-building, have been various and vague. No 

one appears to have put upon record any numerical calcula- 
tions, undertaken with a view crucially to test the nebular 
hypothesis, or any suggestions as to the proper way to make 
such calculations. 

Statements have been made, at different times, by investi- 
gators who thought that observed velocities might be explained 
by the results of nebular condensation ; but no one, except 
Ennis*, has given us any means of judging on what grounds 
the belief rested. It seems likely that they all looked upon 
the formation of planetary rings as a merely superficial phe- 
nomenon, that their studies were limited to the direct action 
of living forces, that they used no adequate criteria for distin- 
guishing between nebular and meteoric influences, and that 
their methods often~ if not always, virtually assumed the very 
principles which they sought to prove. 

tterschelt, somewhat obscurely, intimated the possibility 
that nuclei might be simultaneously formed at different depths 
within the body of the nebula, by the action of particles of 
different densities; Peirce, Alexander, Hill, Wright, Kirk- 
wood, and myself discovered various planetary harmonies 
which point unmistakably to such synchronous internal and 
external activities; yet no one seems to have thought of 
the likelihood that interior portions would acquire a greafer 

* ~ Origin of the Stars' ; and Phil. Mug. April 1877, pp. 262-271. 
t Outlines of Astronomy, §§ 871-2. 
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